Introduction
Chronic obstructive pulmonary disease (COPD) is a leading cause of morbidity and mortality worldwide and results in an economic and social burden that is both substantial and increasing. [1] [2] [3] COPD is one of the world's most common noncommunicable health problems. 2 The World Health Organization reported that COPD is the third leading cause of death in the world and is presently the fifth leading cause of death among high-income countries, with a rate of 31 deaths per 100,000 people. 4 Furthermore, the burden of COPD is expected to continue increasing.
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Onoue et al COPD is a debilitating disease affecting the daily lives of patients. Physical activity levels are low even in patients in the early stages of COPD. 8 Increasing severity of COPD is associated with decreasing physical activity. 8, 9 Although data exist on the physical activity levels of those with COPD, data on its impact on presenteeism and absenteeism among the working population are limited. Few studies have examined the association between COPD and work ability as well as use of sick leave. 7, [10] [11] [12] [13] [14] Employed adults with COPD reported significantly lower quality of life and work productivity and increased health care resource utilization than employed adults without COPD in the USA. 12 Workers diagnosed with COPD had significantly higher levels of presenteeism and overall work impairment. 12 Furthermore, there are no data regarding the association between airflow limitation (AL) severity and productivity at work or use of sick leave. We hypothesized that AL could be an important factor associated with loss of productivity at work and use of sick leave. This study aimed to reveal the associations between AL severity and productivity at work as well as use of sick leave among Japanese workers. Figure 1 demonstrates the flow chart for selection of the participants with either AL or normal lung function. Participants were employees who underwent medical health checkups at the Japanese Red Cross Kumamoto Health Care Center and were selected between July 2012 and September 2013. The medical health checkups included interview questionnaires, a physical examination, blood sampling, and spirometry, as previously described. [15] [16] [17] [18] The interview questionnaires were conducted by a trained public health nurse to obtain data regarding medical history, smoking status, sleep duration, work hours per day, workplace smoking environment, productivity loss at work, and sickness absence. History of disease included past diagnosis and current treatment. All the participants were evaluated by a physician. The nonsmokers were of those who denied any past or current smoking. The former smokers were those who reported smoking cessation before the examination. The current smokers were those who reported smoking at least one cigarette a day. Packyears were calculated by multiplying the number of years of smoking by the average number of cigarettes smoked per day and dividing it by 20.
Materials and methods Participants
According to the interview questionnaires, sleep duration was categorized into ,6 hours, 6-8 hours, and .8 hours.
Work hours per day were categorized into #8 hours, 8-10 hours, and .10 hours.
Workplace smoking environment was categorized into smoke-free policies, restrictive policies (prohibitive policies using designated smoking rooms), and nonrestrictive (nonprohibitive) policies.
A total of 2,600 examinees were approached initially; 169 declined to participate. Those without jobs (n=288) were excluded, as were those without lung function data (n=210) and those for whom there was insufficient information regarding loss of work productivity (n=67). Complete data on lung function tests, productivity loss at work, and sickness absence were obtained from 1,866 workers. Additionally, participants with forced expiratory volume in 1 second (FEV 1 )/forced vital capacity (FVC) .70% and FEV 1 predicted ,80% (n=126) were excluded from this study. We excluded data obtained from participants younger than 30 years (n=8) and older than 75 years of age (n=2). We further excluded participants with a history or clinical evidence of mental disorder, allergic disease, respiratory disease except for COPD and asthma, cancer, cerebrovascular disease, brain tumor, cardiac disease, and collagen disease. Those with Ménière's disease, vertigo, chronic headache, and chronic headache with vertigo were also excluded. Further details are given in Figure 1 . None of the subjects were diagnosed with COPD with acute exacerbation. Data from a total of 1,378 participants (921 males and 457 females) aged 30-74 years were included in the final analysis. The main occupation of the participants consisted of managers (n=105), professionals and technicians (n=375), clerks (n=545), sales (n=110), service (n=57), agriculture and fishery (n=79), manufacturing (n=57), construction (n=13), and others (n=37). None of the subjects had a history of exposure to workplace dust. Subjects were divided according to lung function (1,280 had normal lung function, 48 had mild AL, and 50 had moderate-to-severe AL) ( Table 1 ).
All study participants gave their written informed consent regarding all aspects of the study and to undergo this examination. Our research protocol was approved by the Human Ethics Committee of Kumamoto University (Numbers 436, 816, and 870) and the Japanese Red Cross Kumamoto Health Care Center.
lung function tests
Spirometry was performed with an electronic spirometer (DISCOM-21 FX: CHEST M.I., Inc., Tokyo, Japan), as previously described, [15] [16] [17] [18] using equipment and quality criteria that complied with international recommendations. 19 Reversibility tests were not performed for this study, 
Productivity loss at work and sick leave
Productivity loss at work was measured according to the quality and quantity scale of the quantity and quality (QQ) method, 21 as described by Robroek et al. 22, 23 Participants were requested to indicate how much work they actually performed during regular hours on their most recent regular workday compared to that on a normal workday. The amount of the quality and quantity of productivity was measured on a scale from 0 (nothing) to 10 (regular amount). The outcome productivity loss at work was classified into two categories: no productivity loss (score =10) and productivity loss at work (score of 9 or lower). b Total number of study subjects for productivity loss at work was 1,378. 
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Airflow limitation and productivity and sick leave Participants were asked how many days in the past 12 months they were not able to work due to health problems. 22, 23 Those reporting sick leave were categorized into two categories: no sick leave (0 day) and use of sick leave (1 day or more).
Clinical information
Systolic and diastolic blood pressure were measured by trained nurses using an automated digital sphygmomanometer (HEM-904; Omron, Kyoto, Japan) placed on the upper arm at heart height while the participant was seated, following 5 minutes of rest. Hypertension was defined as antihypertensive medication use, systolic blood pressure of 130 mmHg or more, or diastolic blood pressure of 85 mmHg or more. Dyslipidemia was defined as medication use, triglyceride level of 150 mg/dL or more, low-density lipoprotein cholesterol level of 140 mg/dL or more, or high-density lipoprotein cholesterol level of ,40 mg/dL. Hyperglycemia was defined as blood glucose-lowering medication use or fasting glucose level of 110 mg/dL or more, as previously described. 15 
Statistical analyses
The results are given as mean (standard deviation). Differences among normal lung function, mild AL, and moderate-to-severe AL were compared using an analysis of variance, the Kruskal-Wallis test for continuous variables, or the chi-square test for categorical variables. The post hoc Scheffe's test was used to assess the difference in characteristics according to lung function status. A multivariate logistic regression model adjusted for sex, age, body mass index (BMI), smoking status, hypertension, hyperglycemia, dyslipidemia, sleep duration, work hours per day, and workplace smoking environment was used to assess the relationship between severity of AL and productivity loss at work as well as use of sick leave, with "normal lung function" as the reference. The odds ratios (ORs) were estimated as measures of association with corresponding 95% confidence intervals (95% CIs).
Adjustments Table 1 shows the study participants' characteristics based on lung function status. Of the 1,378 participants, 98 (7.1%) had AL, similar to the percentage reported by the NICE study. 24 The prevalence of AL in this study population for the "mild" and "moderate-to-severe" GOLD stages of AL was 3.5% (n=48) and 3.6% (n=50), respectively. In this study, none of the participants demonstrated very severe AL. The prevalence of self-reported obstructive lung disease such as asthma and COPD among participants with AL was 23.5% (n=23) and 1.0% (n=1), respectively.
Results
Participant characteristics
Significant differences were seen between the normal lung function and mild AL groups in terms of age and packyears. Significant differences were also seen between those with normal lung function and moderate-to-severe AL in terms of age, weight, and pack-years. No significant difference was seen in relation to BMI.
Significant differences were seen in relation to sleep duration and workplace smoking environment. On the other hand, no significant difference was seen in relation to work hours per day. Tables 2 and 3 show the ORs for the quality and quantity of productivity loss at work with normal lung function as the reference. In logistic regression models adjusting for sex, age, and BMI (model 1), the presence of the quality of productivity loss was higher in participants with moderate-to-severe AL compared to those with normal lung function (OR =1.97, 95% CI: 1.10-3.52, P=0.022). In logistic regression models 2 (model 1 + smoking status), 3 (model 2 + hypertension, hyperglycemia, and dyslipidemia), 4 (model 3 + sleep duration), 5 (model 4 + work hours per day), and 6 (model 5 + workplace smoking environment), ORs, 95% CI, and P-values were 2.01, 1.12-3.60, and 0.019; 1.99, 1.11-3.58, and 0.021; 1.95, 1.08-3.51, and 0.027; 1.94, 1.07-3.50, and 0.028; and 2.04, 1.12-3.71, and 0.02, respectively. There were no significant differences between normal lung function and mild AL (Table 2) .
Productivity loss at work
In logistic regression models adjusting for sex, age, and BMI (model 1), the quantity of productivity loss was higher in (Table 3) . 
sick leave
Discussion
The main findings of this study are that productivity loss and use of sick leaves were significantly higher in participants with moderate-to-severe AL. This study focused on the possible relationship of AL severity with work productivity loss and sick leave and revealed that productivity loss at work and use of sick leave increased with AL severity in Japanese workers.
In this study, we demonstrated that workers with moderate-to-severe AL were more likely to report quality and quantity of productivity loss at work (OR =2.04, 95% CI: 1.12-3.71, P=0.02 and OR =2.19, 95% CI: 1.20-4.00, P=0.011, respectively) and use of sick leave (OR =2.69, 95% CI: 1.33-5.44, P=0.006) after adjusting for sex, age, BMI, smoking status, hypertension, hyperglycemia, dyslipidemia, sleep duration, work hours per day, and workplace smoking environment. No significant differences 
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Airflow limitation and productivity and sick leave were found between normal lung function and mild AL. Thus, these results suggested that increasing severity of AL was associated with productivity loss at work and use of sick leave. Previous research by Robroek et al 22 found that lifestylerelated factors, especially smoking and obesity, were associated with productivity loss at work and use of sick leave. Our results are in line with this study in terms of smoking status.
Comorbidities are major determinants of health status and health expenditure in patients with COPD. 1, 25, 26 Patients with COPD with comorbidities have poorer health outcomes than those without comorbidities. 1, 25, 26 Both insomnia and short sleep duration were independently associated with poor work ability. 27 In this study, none of the participants demonstrated insomnia.
Health problems, as shown in the following paragraphs, might relate to work productivity. Therefore, in this study, participants with respiratory diseases except for COPD and asthma, mental disorders, 28, 29 allergic diseases, all kinds of cancer, cerebrovascular disease, brain tumor, ischemic heart disease, other cardiac diseases, collagen disease, Ménière's disease, vertigo, and chronic headache were excluded from this study. Mental disorders were independently associated with absenteeism and presenteeism. 28, 29 Moreover, workplace smoking environment is related to absenteeism and productivity costs. 30 Therefore, these factors were added separately to the basic statistical model describing the association between AL severity and productivity loss at work or use of sick leave.
Labor input includes two aspects: quality and quantity. AL might impact both work quality and quantity. The underlying mechanisms of productivity loss at work in participants with AL remain poorly understood at present. A previous report suggested a possible explanation of effects of health problems in terms of AL on work productivity; 8,9 participants with AL might slow the pace at which they work and/or take more breaks (quantity). In addition, they may be less careful and have to repeat work due to mistakes (quality). Watz et al 9 also reported that significant limitations of physical activity are present in patients with COPD from GOLD Stage II (moderate AL). 8 Thus, limitations of physical activity in participants with moderate-to-severe AL might reflect work productivity. More information is needed on how AL impacts work performance.
The authors are aware of possible limitations of this study. First, we did not employ reversibility testing since our Institutional Review Board considered it unacceptable in the absence of a high suspicion of disease. For this reason, participants with AL may have included some with a postbronchodilator FEV 1 /FVC ratio .70%. In this study, the prevalence of self-reported obstructive lung disease such as asthma and COPD among participants with AL was 23.5% (n=23) and 1.0% (n=1), respectively. Undiagnosed individuals may have had COPD, and they may even have had asthma; thus, we expressed it as "AL" rather than COPD. This limitation has also been reported in previous studies by Oda et al. 15 Second, we used subjective single measures of productivity loss at work and use of sick leave according to the QQ questionnaire. [21] [22] [23] Variability of work ability, which is closely linked to measurement reliability, is an important issue in presenteeism studies. The quantity question of the QQ method was associated with objective work output among floor layers (r=0.48). A disadvantage of this method is that productivity loss is assessed during the previous regular workday, and it does not take into account the expected fluctuations in productivity loss within workers across workdays. This limitation has also been reported in previous studies by Robroek et al. 22, 23 International Journal of COPD 2016:11 submit your manuscript | www.dovepress.com
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Onoue et al Other useful instruments have been developed to evaluate presenteeism, such as the Work Productivity and Activity Impairment Questionnaire. 31 However, it has not been concluded which instrument provides a better presenteeism estimate. 32 Third, this was a cross-sectional study, and the relatively small sample size for the group of AL meant that comparisons against normal lung function had less statistical power. Further studies are needed in a larger sample that includes subjects with a wider severity range of AL. Large-scale prospective studies are needed to further confirm these findings. Finally, this study was a single-center study performed with participants who were interested in this research project. This may limit applicability across different centers and clinical settings.
Despite these limitations, we consider this study to be worthwhile because it is the first to reveal the relationship of AL severity with productivity loss at work and use of sick leave in Japanese workers, as far as the authors know.
Conclusion
AL severity was associated with productivity loss at work and use of sick leave. This relationship remained significant even after adjusting for a range of potential confounders. Even if the cause-effect relationships are still unknown, early intervention in the participants with AL at the workplace might be beneficial for promoting work ability. Additional research is needed to clarify this aspect of presenteeism and absenteeism due to AL.
